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Abstract

When the rice bran is used as raw material
to manufacture a functional food ingredient, the
following items should be considered: (1) the
lipase in the bran may hydrolyze lipic. and result
in rancid flavor: (2 ) the phytic acic in the rice
bran may affected the bioavailability of
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minerals; and (3 ) the rice bran riches in
insoluble fiber, its coarse texture will reduce the
palatability of the product.

This research project used extrusion
process to Inactivate lipase, thus stabilize the
rice bran. It was found that the color of the rice
bran was not affected significantly due to
extrusion. Less than 5% of the nutritional
components lost during extrusion. When the rice
bran was processed by extrusion at 130°C for
20 s, the extrudate could be stored at room
temperature for at least 20 days without
developing rancidity.

The phytic acid in rice bran was most
easily removed by extraction. The extracting
solvent was hydrochloric acid solution at pH 2.0;
solvent / solid ratio was 15/1, and extracting
times was 30 min. Under the above conditions,
more than 94% phytic acid with 30.5% purity
could be extracted from the extruded rice bran at
room temperature.

The extract was neutralized using 6N
NaOH solution to precipitate phytate. The
supernatant which contained the nutrients being
extracted by hydrochloric acid solution was
added back to the rice bran solid to replenish the
nutritional quality of the product. Drum during
was then used to remove excessive water to
obtain a dried powdered product. The processes
removed more than 90% phytic acid, retained
83-97% B vitamers, but nearly 50% of oryzanol
was lost.

Keywords: rice bran, phytic acid, oryzanol,

functional food
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Abstract

The goal of this research use the crude
enzyme from Bacillus cereus NTU-FC-4, to
hydrolyze chitosan to produce chito-
oligosaccharides in a membrane reactor. It was
found that the crude enzyme was more active for
60%-deacetylated chitosan. The optimum
temperature was 55-60 ‘C, and optimum pH was
5. During hydrolysis in the membrane reactor,
The system had a higher productivity when
operated at a higher E/S ratio or lower residence
time. When the volume replacement exceeded 2.5,
the productivity of the membrane reactor became
higher than that of the batch reactor, and the
difference between them became even greater
when the volume replacements was further
increased. The membrane reactor could be
operated at E/S ratio 0of 0.1 — 0.2 (unit/mg) and a
constant pressure for 15 hr, and stilled
maintained a stable product composition. The
substrate conversion determined by the
oligosaccharides content was nearly 100 %.

The hydrolysate of the crude enzyme from
Bacillus cereus NTU-FC-4 were mainly
chitotriose and chitotetraose. During the
membrane reactor operation, the content of
chitopentaose and chitohexaose in the product
decreased when the enzyme concentration was
increased. At low enzyme concentration, the
content of chitopentaose and chitohexaose in the
product tended to increase when substrate
concentration was increased. However, the
substrate concentration had no significant effect
on the chitopentaose and chitohexaose contents at
high enzyme concentration. When the system
was operated at E/S ratio 0.1 (unit/mg), reactor



volume 500 ml and flux 5 ml/min, the process
had the highest conversion and the prcduct
contained the highest amount of chitopentaose
and chitohexaose. In general, the membrane
reactor produced more chitotetraose,
chitopentaose and chitohexaose than that of batch
reactor. We suspected that The enzym:
hydrolyzed chitosan into GlcN-oligom ers above
(GleN), in a random-splitting manner 'n the
initial cleavage, then hydrolyzed oligomers
rapidly in the final cleavage. In the membrane
reactor, the hydrolyzed product was ccntinuous
removed from system, thus produced more higher
oligomers. Chitotriose and chitotetraose
converted to higher molecular weight
oligosaccharides when their contents vere higher
than 40 % and 30%, respectively, due o the
reversed reaction.

Keywords: chitosan , chitooligosaccharides,
membrane reactor
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Table 1 Analysis of enzyme hydrolyzate from membrane reactor after operating for 4 hours at different
conditions . V=500m] ; J=5ml/min.

Content of GlcN-oligomers to total (GlcN),-

Substrate Enzyme Total Conversion

concertration concentration — (GleN),-production (w1%) (GIcN),-(GleN) (GleN),-(GleN),
(mg/ml)  (unit/ml) (GleN), (GleM), (GIeN), (GleN), (GIeN),  (mg/ml) (%)
5 0.5 9.06 284) 31.66 22.16  8.62 3.86 77.23
1 12.14 3399 33.84 2004  0.00 4.29 85.72
> 18.77  40.62 2311  17.51  0.00 4.31 86.15
- 4 2275 4323 3402 000 0.0 3.43 68.60
10 0.5 2048 252) 2357 2152 922 7.33 73.35
1 927 2682 3032 2342 1017 9.68 96.75
2 16,70 3485 2948  11.63  7.34 9.99 99.86
- 42094 3910 29.16 738  3.42 8.18 81.80
20 0.5 598 12.59 2332 3256 25.56 6.57 32.83
I 1123 2979 3022 2030  8.46 14.98 74.90
2 12.91 3045 2865 19.00  8.98 18.04 90.19
4 1922 38.67 3094 608  5.10 17.00 84.99

= HABEEABKRRESTEATRBZ RKEE M @b
Table 2 Composition of the chitosan hydrolzates from batch and membrane reactors after 4 hours of
operation.

substrate Content of GlcN-oligomers to total Total Conversion
concentration . (GlelN),-(GleN), production (wt%) — (GleN),-(GleN), (GleN),-(GIecN),

S (mg/ml) - _ (GleN), ‘GleN), (GleN), (GlcN). (GleN), (mg/ml) (%)
10 14.97 30.10 28.01 17.18 9.74 9.87 98.70

Batch reactor 15 16.86 31.11 27.10 1694 7.99 14.85 99.00
I _20. L1779 2812 2649 0 18.59 9.01 19 87 99.35
10 9.27 26.82 3032 2342 10.17 9.68 96.75

membrane 15 6.73 1795 3073 2934 15.24 11.25 75.00
reactor 20 1123 2979 3022 2(.30 .46 14 98 74 .90

(a) Batch reactor was operated at [E]=1U/ml;V=500ml
Membrane reactor was operated at [E]=1U/ml;V=500ml;J=5ml/min.



